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2 H. Hirashita: Dust-to-Gas Ratio and Phase Transition of Interstellar Medium
galaxies. Thus, we concentrate on the eect of the phase
transition on the accretion.
The timescale of the grain growth through the accre-
tion of heavy element, 
grow
, can be estimated by the du-
ration of the collisions between heavy-elements atom and





cold gas. Here, we should note that the accretion process
is more eective in denser environments. The eÆciency
of the accretion is proportional to the square of the gas
density if metallicity and dust-to-gas ratio are the same,
since the densities of both metal and dust contribute to
the eÆciency. Therefore, among the three components of
the ISM, we only consider the accretion process in the cold
gas, the densest component of the ISM.
According to H99, the increase rate of dust mass by the


















where D is the dust-to-gas mass ratio,M
g
is the total mass




), f is the fraction of
the metal in dust phase, and 
acc
is the accretion timescale
of heavy elements onto dust grains (see Eq. 3 in H99). We







is the accretion timescale averaged
over all the ISM phases. As commented above, the dust
























represents the mass fraction of the cold phase
to the total mass of ISM. Here, we assume that the values
of D and f are constant for each phase. McKee (1989)
showed that the mixing of phases makes the dierence
in the D values among phases negligible. We also expect
that f is treated as constant for all phases because of
the mixing (Tenorio-Tagle 1996). Combining equations (1)









According to Ikeuchi (1988) and KT97, X
cold
can vary










from equation (3), we see that 
acc













We have shown in the previous section that the param-
eter 
acc
, the typical timescale of accretion of heavy ele-
ments onto dust grains, changes on a timescale of 10
7{8













, which is typi-











yr. This means that
the parameter 
acc
(proportional to the eÆciency of the
accretion of heavy elements onto preexisting dust grains),
dened in H99, changes by nearly an order of magnitude.
Moreover, the timescale of the variation is much shorter




1 Gyr; Kennicutt, Tamblyn, & Congdon
1994). Thus, the dust-to-gas ratio in a spiral galaxy ex-
periences a short-term ( 10
7{8
yr) variation with the
amplitude of an order of magnitude.
The short-term variation can be tested by examining
nearby spiral galaxies. The dust-to-gas ratios of the spi-
ral galaxies shows scatter around their mean values even
if the metallicity is almost the same (Issa, MacLaren, &
Wolfendale 1990; see also H99). According to Figure 1 in
H99, the theoretical lines almost reproduce the observed
values. However, the dust-to-gas ratios of the Galaxy and








20. This means that we can explain
the dust-to-gas ratios of these galaxies if 
acc
changes by
more than 4 times. Indeed, the discussion in x2 demon-
strated that 
acc
can change by more than 7 times on
 10
7{8
yr because of the phase change of ISM. Thus, it
is possible to explain the scatter of the dust-to-gas ratios
of spiral galaxies by considering the phase transition.
As for dwarf galaxies, we need another way to approach
them, since the heavy element accretion in dwarf galax-
ies is much less eÆcient than spiral galaxies due to their
small metallicity (Hirashita 1999b). Because of their shal-
low gravitational potential, the mass outow (e.g., Mac
Low & Ferrara 1999) can be responsible for the dust-to-
gas ratio spread, as emphasized by Lisenfeld & Ferrara
(1998).
We only have considered the dust formation process.
However, we should also consider dust destruction. The
dominant dust destruction occurs in the warm and hot
phases in which SN shock waves propagate (Seab 1987).
This means that the destruction eÆciency is expected
to show anticorrelation with X
cold
. If a galaxy is in a
higher-X
cold
state, the dust destruction is more ineÆcient
whereas the dust growth is faster. Thus, the variation of
dust-to-gas ratio may become larger if we take into ac-
count the dust destruction.
Finally, we should note that it is still probable that
the scatter is caused by observational uncertainty, since
the dust-to-gas ratio is not a direct observable. However,
from the discussion in x2, we can still propose that the
dust-to-gas ratio varies on a timescale of  10
7{8
yr by
nearly an order of magnitude.
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